Magnetocaloric effect and magnetization in a Ni-Mn-Ga Heusler alloy in the vicinity 

of magnetostructural transition 
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The magnetic and thermodynamic properties of a Ni2.19Mno.8iGa alloy with coupled magnetic 
and structural (martensitic) phase transitions were studied experimentally and theoretically. The 
magnetocaloric effect was measured by a direct method in magnetic fields — 26 kOe at temperatures 
close to the magnetostructural transition temperature. For theoretical description of the alloy prop- 
erties near the magnetostructural transition a statistical model is suggested, that takes into account 
the coexistence of martensite and austenite domains in the vicinity of martensite transformation 
point. 
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In recent year Ni2MnGa-based ferromagnetic shape 
memory alloys have attracted considerable attention as a 
new class of actuator materials (see, for a recent review, 
Ref. [1]). Giant magnetocaloric effect (MCE) has also 
been observed in these alloys. Solid state materials with 
a large MCE are considered to be very perspective in 
creation of solid state refrigerators with high efficiency, 
manufacturability and ecological compatibility (Ref. [2] 
and references therein). In Ni-Mn-Ga alloys, the marten- 
sitic transition temperature is very sensitive to composi- 
tion, which is very important for practical applications 
of these alloys. For instance, upon a partial substitu- 
tion of Mn for Ni the martensitic transition temperature 
Tm increases and Curie temperature Tc decreases un- 
til they merge in one first-order magnetostructural phase 
transition (MSPT) [1]. The values of MCE in the vicin- 
ity of such a transition are likely to be maximal. The 
aim of our work has been to study, experimentally and 
theoretically, magnetic and thermodynamic properties of 
Ni2.19Mno.8iGa alloy with MSPT and to determine di- 
rectly the magnitude of MCE. 

Polycrystalline Ni2.19Mno.8iGa alloy was prepared by 
a conventional arc-melting method in argon atmosphere. 
MCE was measured by a direct method in a calorimetric 
system at constant temperatures in the vicinity of MSPT. 
The sample for the measurement of MCE was fixed by 
glass wires of 10 mm in diameter glued to the sample. 
The change in the temperature of the sample, AT, with 
the change in magnetic field, AH, was measured by a 
differential thermocouple. A cooper screen was placed 
near the sample in order to decrease radiational losses. 
The magnetic field up to 26 kOe was created by an elec- 
tromagnet. 

The temperature dependence of AT at turning the 
magnetic field off is presented in Fig. 1. The experimen- 
tal results obtained evidence that the AT dependence 
has a peak at T « 340 K. This temperature corresponds 



to the temperature of MSPT [1]. 



1.2 



1.0 



0.8 



0.4 



0.2 




290 300 310 320 330 340 350 



T(K) 



FIG. 1: Temperature dependence of sample temperature 
change AT. Points are experimental data, the solid curve 
is theoretical one. 

A statistical model is suggested for the theoretical de- 
scription of the alloy properties near MSPT. The model 
takes into account coexistence of three types of marten- 
sitic and one type of austenitic structural domains in the 
vicinity of MSPT point [3,4]. Each structural domain is 
divided by 180° magnetic domains. It is postulated that 
the rate of transformation between structural domains 
is proportional to the net probability of transformation. 
This probability is expressed using the value of energetic 
barrier between the domains 



= exp 
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where AV is the transformation volume, hap is the ener- 
getic barrier for transitions from a phase to (3 phase (a 
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FIG. 2: Isothermal magnetization curves for Ni2.19Mno.8iGa. 

and P arc the numbers of structural domains) . The mag- 
nitude of the potential barrier can be obtained as the 
energy at the point where Gibbs potentials of a phase 
and P phase are equal for a fixed value of stress. Gibbs 
potential is G = F — SE, where F is free energy, S and E 
are stress and strain. The free energy of the sample con- 
sists of magnetic, magnetoelastic and elastic terms. The 
evolution of the system depends on the energetic impacts 
of each phase. The rate of transformation from one phase 
to another is determined by 

t = J2^iPi3-i^-p<^pn, (2) 

a 

where u is the frequency of attempt, ^" is a volume frac- 



tion of a phase. From equation (2) wc can find the vol- 
ume fraction of each phase. Then the magnetization of 
the sample can be found as 



4 

M = Y^ CM", (3) 

where M" is the magnetization of a phase. Using (3) we 
can obtain the temperature change corresponding to the 
change in magnetic field [5] 



where Cp^H is specific heat of the alloy. 

Numerical calciilation was made with the following 
parameters of the alloy Cp^H = 25 J/kgK, AV = 
0.2 X 10-25 m^, Tm = Tc = 340 K, AH = 26 kOe. 
The results are presented in Fig. 1 by the solid line. It 
is seen that for the given parameters the results of cal- 
culation are in a good agreement with the experimental 
results. 

From Fig. 2 we can determine the magnetic entropy 
change AS at MSPT using Maxwell relation. This value 
is about 4.5 J/kgK at 15 kOe, which is comparable with 
that observed in the same magnetic field at the martcn- 
sitic transition temperature in a Ni2.104Mno.924Gao.972 
composition [6]. 
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